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In the article, the gas content of oils in high-voltage equip-
ment with defects of different types is analysed. Typical gas 
contents and gas ratios for 38 most frequently encountered 
defects are presented and analysed. The dynamics of the gas 
content change in equipment during the development of de-
fects was investigated. It is concluded that the development 
of defects in high-voltage equipment is accompanied by 
the growth of gas concentrations, which is known and widely 
used, and it helps stabilize the percentage of gases at strictly 
defined levels and detect defects at an early stage.
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INTRODUCTION

Detection and identification of defects in 
high-voltage equipment, especially at an ear-
ly stage of their development, is an actual and 
practically significant scientific and techni-
cal task. Since most of the  defect developing 
in equipment is accompanied by the  release of 
gases that are formed as a result of the destruc-
tion of insulation, one of the most common and 
widely used methods of diagnostics is the  dis-
solved gas analysis in oil (DGA). At present, an-
alytical and graphical recognition methods are 
used to identify the type of defect that is predict-
ed by the  results of DGA. Analytical methods 
use values of gas ratios, which are regulated by 
known standards [1–6]. Some graphical me-

thods, for example, the  Dornenburg rectangle 
[3], the ETRA square [5], also use the gas ratios 
as coordinates for the diagnosed equipment. In 
most of the known graphical methods, such as 
the triangle of GATRON [7], Duval triangle [8], 
Duval pentagon [9], the  percentage of gases is 
used to determine the type of defects as the co-
ordinates of the diagnosed equipment. A signif-
icant drawback of these methods is an incom-
plete use of diagnostic information. The key gas 
method uses the  percentage of five gases [10]. 
But this method allows you to recognize only 4 
defects. It should be noted that all methods de-
scribed do not take into account the dynamics of 
the change of the gas content of oils in time for 
equipment with defects of different types. This 
circumstance does not allow to identify defects 
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at an early stage of their development, which was 
the reason for writing this article.

ANALYSIS OF THE GAS CONTENT 
OF EQUIPMENT WITH DEFECTS OF 
DIFFERENT TYPES

At the first stage of the study, the percentage of gas-
es in equipment oil was assessed, in which defects 
were found by the  results of DGA. For this pur-
pose, the results of DGA were used for 2160 units 
of high-voltage equipment, in which defects of var-
ious types were detected. Table 1 shows the distri-
bution of defective equipment by the criterion of 
gas with the maximum content. As it is shown in 
Table 1, in the sample presented for the analysis, 
the greatest amount of equipment had defects for 
which, according to the  results of DGA, the  gas 
with the  maximum content was hydrogen (736 
units or 34.076%). A  somewhat smaller number 
of defects were associated with a maximum ethyl-
ene content (687 units or 31.806%). The number 
of equipment with defects for which the gases with 
the maximum content were ethane and acetylene 
was approximately the same (224 units or 10.37% 
for ethane and 219 units or 10.139% for acetylene). 
The maximum content of methane was found in 
294 units of equipment, which was 13.611%. For 
each object from Table 1, the percentage of each of 
the gases in the oil sample was calculated:

∑
= i

i
A

A 100% , (1)

where Ai% is the percentage of gas, Ai is the con-
centration of gas, and Ʃ is the  sum of the  con-
centrations of hydrocarbon gas and hydrogen in 
the oil sample.

Ta b l e  1 .  Distribution of defective equipment by the criterion of 
gas with the maximum content

No. Gas with the maximum 
content Number of equipment

1 Hydrogen (Н2) 736

2 Methane (СН4) 294

3 Ethane (С2Н6) 224

4 Ethylene (С2Н4) 687

5 Acetylene (С2Н2) 219

Total 2160

The performed analysis showed that for differ-
ent equipment with the same type of defect, de-
spite the fact that the values of gas concentrations 
can differ significantly from each other, the val-
ues of the percentage of gases were approximately 
the same. For example, Table 2 shows the values 
of gas concentrations and their percentage in dif-
ferent oil-filled equipment in which partial dis-
charges were detected.

At the  same time, as it is shown in Table  2, 
the values of percentage of gases for the same type 
of defect are not constant and may differ. The main 
reasons for the identified differences [11, 12] are: 
individual features of the development of the de-
fect, differences in the  amount of energy which 
is released in the process of developing of the de-
fect, the sort of transformer oils, design features, 
different materials, and other factors. In this re-
gard, the percentage content of gases for defects 
of different types is more appropriate to be spec-
ified not as strictly fixed values of the percentage 
of gases, as in the key gas method, but in the form 
of minimum and maximum ranges of values. 
The analysis made it possible to establish typical 
gas content for more than 100 different defects 
and their combinations. However, due to the lim-
ited volume of the article, Table 3 shows the per-
centages of gas contents only for 38 most com-
mon defects. The bold font in Table 3 highlights 
the gases with the maximum content. In addition 
to electric discharges with different energy densi-
ties and overheating with different temperatures, 
Table 3 shows the percentage of gases for defects 
in which overheating is accompanied by electric 
discharges, and vice versa. For convenience of 
analysing the  types of defects from Table  3, Ta-
ble  4 shows the  values of the  gas ratios: C2H2/
C2H4, CH4/H2, C2H4/C2H6, С2Н2/С2Н4, С2Н2/С2Н6 
and С2Н6/СН4, which are used in known stand-
ards [1–6]. As in Table  3, the  values of the  gas 
ratios are given in the form of ranges, including 
the  minimum and maximum values. To reduce 
the error, the values of the gas ratios were calcu-
lated if the values of gas concentrations exceeded 
the following values: H2 > 0.005% vol., CH4, C2H6 
and C2H4 > 0.0015% vol., and C2H2 > 0.0003% vol. 
[5]. Most of the defects which are given in Table 3 
have been thoroughly studied and described in 
literature. As a  rule, their identification is not 
particularly difficult. In connection with this, 
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only those defects that are difficult to identify are 
discussed below.

When analysing defects for which, in DGA 
samples, the gas with the maximum content is hy-
drogen (1–8), special attention should be paid to 
defect No. 5 (low-energy discharges). This defect 
is caused by insulation damage in the transform-

ers [13], which is the  cause of their accidental 
damage. In the oil samples of equipment with this 
defect, a high content of hydrogen and methane, 
a  slightly lower ethane and acetylene content, 
and a  low ethylene content were observed (see 
Table  3). As it is shown in Table 4, for this de-
fect the values of the ratios were CH4/H2 > 0.5 and 

Ta b l e  2 .  Values of gas concentrations and their percentage in equipment with partial discharges

Equipment
Values of gas concentrations, % vol. Content of gases, %

H2 CH4 C2H6 C2H4 C2H2 H2 CH2 C2H6 C2H4 C2H2

Transformer 220 kV, 40 MVA 0.0681 0.00197 0.00011 0.00021 0 96.747 2.799 0.156 0.298 0.000

Transformer 220/33 kV 
50 MVA

0.0041 0.0002 1 10–7 1 10–7 1 10–7 95.342 4.651 0.002 0.002 0.002

Bushing 220 kV 0.095 0.0037 0.00136 0.0012 0 93.818 3.654 1.343 1.185 0.000

Bushing 330 kV 5.5657 0.3595 0.0166 0.0004 0 93.664 6.050 0.279 0.007 0.000

Bushing 110 kV 0.4835 0.0294 0.0032 0.0003 0 93.629 5.693 0.620 0.058 0.000

Current transformer 110 kV 1.2 0.0754 0.023 0.0002 0.0001 92.400 5.806 1.771 0.015 0.008

Ta b l e  3 .  Percentage of gases in equipment with defects of different types

No. Fault type
Content of gases, %

Н2 СН4 C2H6 C2H4 C2H2

1 Low-energy partial discharge deposition of X–wax 85–95 1–9 0–3.5 0–1.8 0–1.5

2 High-energy partial discharge 55–98 0.2–8 0–6 0.07–5 0.1–32

3 Spark discharges 26–73 8–32 2–15 5–30 1–21

4 Surface discharge, creeping discharge 29–74 5–42 0–5.5 5.5–35 2–25

5 Low-energy discharge 33–48 32–45 5–22 0,3–3 0.5–13

6 Low-energy discharge 34–74 5–25 1.5–15 1,8–15 5–36

7 Low-energy arcing 44–94 1–8 0–3 0.1–22 0.5–44

8 High-energy discharge, arcing 30–78 3–29 0–14 0.5–28 10–45

9 Partial discharge, corona in oil 0.1–7 80–95 0.9–15 0.1–3 0–0.8

10 Overheating and discharge 10–40 35–80 3–25 0–15 0–3

11 Overheating 150–300°С 0–9 50–80 14–35 14–35 0–0.1

12 Overheating 150–300°С 0–35 27–54 26–45 0–23 0–2.2

13 Overheating 300–700°С 10–40 25–75 0–25 5–40 0–3.5

14 Overheating >700°С 10–35 30–55 4–8 25–40 0–2

15 Overheating and discharge 0–10 32–80 0.02–25 6.7–43 1–18

16 Overheating and arcing 21–35 25–45 0.05–15 20–35 12–20

17 Overheating 200–300°С 10–30 12–40 30–70 1.5–25 0–1.1

18 Overheating 200–300°С 0–10 1.5–27 35–98 2.5–40 0–1.3

19 Partial discharge, deposition of X–wax 25–45 3–15 49–62 0.01–0.6 0–0.5

20 Overheating and partial discharge 10–40 1–23 25–50 5–23 4–25

21 Overheating and discharge 1.0–15 3–32 45–75 2–15 5–17

22 Overheating and arcing 10–30 7–15 25–35 14–21 20–32
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C2H2/C2H4  >  1, which indicate the  presence of 
discharges, and C2H4/C2H6 < 1, which is charac-
teristic of partial discharges. Such values of gas 
ratios do not correspond to known diagnostic 
schemes [1–6], which makes it difficult to rec-
ognize this defect. Tables  3–4 also show spark 
discharges (continuous sparking in oil between 
compounds of different potentials or floating 
potential, oil breakdown between solid materi-
als) for which C2H4/C2H6 values are 1–4 [6] and 
creeping discharges (discharges over the surface 
and in the thickness of the paper insulation) for 
which C2H4/C2H6 > 5 [5]. In addition, attention 
should be paid to defect No. 7 (low-energy arc-
ing). As it is shown in Table 3, the gas content 
of equipment with this defect is characterized by 
a high content of hydrogen, ethylene and acety-
lene, which is typical of high-energy discharg-
es. However, because of the  low methane con-
tent, the ratio CH4/H2 < 0.1 (see Table 4), which 
causes difficulties in recognizing this defect. For 
example in [14], a  similar defect is identified 
as a  partial discharge, in [15] as an arcing dis-
charge, and in [16] as an arcing of low energy.

When analysing defects for which, according 
to DGA results, the gas with the maximum con-
tent is methane (9–16), defect No. 9 (partial dis-

charges) should be identified. According to most 
known standards [1–6], for equipment with 
partial discharges, the  value of the  ratio CH4/
H2 does not exceed 0.1. However, it is shown 
in Table 4 that for the given defect the value of 
CH4/H2 ratio is much greater than one, which, 
according to [1–6], is typical of thermal defects. 
At the same time, in works [17, 18] such defects 
were identified as partial discharges with low 
energy or corona in oil. Also note the  defect 
No.  14 (overheating with temperature above 
700°С), for which the  gas with the  maximum 
concentration is methane. According to existing 
ideas about the mechanism of gas formation in 
oil-filled equipment [19, 20], at a defect tempe-
rature of 500–600°С, ethylene becomes the gas 
with the maximum concentration, and at a tem-
perature above 700°С, the  values of the  ratio 
C2H4/C2H6 > 4. At the same time, as it is shown 
in Tables 3 and 4, for these defects, the gas with 
the  maximum concentration is methane and 
the ratio C2H4/C2H6 > 4. The results of DGA for 
such defects are given in [21, 22].

According to the  results of DGA, in equip-
ment in which the gas with the maximum con-
tent is ethane (17–22), such defects as overheat-
ing in the  temperature range 150–300°С and 

Ta b l e  3 .  (continued)

No. Fault type
Content of gases, %

Н2 СН4 C2H6 C2H4 C2H2

23 Overheating 500–700°C 10–30 20–40 7–25 25–50 0–3.5

24 Overheating 500–700°C and discharge 5–26 20–30 5–18 30–46 3–9

25 Overheating >700°С 10–30 25–40 1–10 40–60 0–2.2

26 Overheating >700°С 0–10 8–30 0.05–13 50–85 0–5.8

27 Overheating >700°С and partial discharge 0–12 6–20 5–17 52–78 0–12

28 Discharge and overheating >700°С 19–35 15–30 3–10 30–55 0–10

29 Discharge and overheating >700°С 5–48 0–21 0–12 35–92 0–12

30 High-energy discharge and overheating >700°С 7–30 4–9 5–20 30–55 14–40

31 High-energy discharge and overheating >700°С 20–35 10–25 0.9–10 25–40 12–30

32 Partial discharge 15–35 1.5–8 1.1–8 0.8–3 55–75

33 Discharge 5–20 4–16 20–32 10–22 25–50

34 Discharge and overheating 0–25 20–40 0.1–5 4–22 28–53

35 Discharge and overheating 6–22 15–28 0.75–6 20–35 25–50

36 Discharge and overheating 0.1–11.6 1.5–17 0–8 3–35 45–93

37 High-energy discharge 0–2 0–1 0–5 1–45 50–98

38 High-energy discharge, arcing 4–43 1–22 0–10 4–36 25–88
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Ta b l e  4 .  Values of gas ratios in equipment with defects of different types

No.
Gas ratios

CH4/H2 C2H6/CH4 C2H4/C2H6 C2H2/CH4 C2H2/C2H6 C2H2/C2H4

1 0.018–0.098 0.03–0.56 0.464–0.844 0.001–0.211 0.009–0.55 0.014–0.095

2 0.009–0.09 0.27–0.87 0.11–0.94 0.01–3.2 0.03–7 0.15–10.7

3 0.12–0.93 0.096–0.89 1.5–4.92 0.06–1.5 0.28–3.73 0.18–0.99

4 0.125–0.86 0.037–0.35 5.2–14.1 0.025–3.572 0.656–11.5 0.104–0.982

5 0.92–0.98 0.14–0.63 0.06–0.23 0.014–0.39 0.08–0.63 1.1–9.9

6 0.12–0.509 0.107–0.68 1.0–1.88 0.39–4.1 2.06–7.29 1.1–4.91

7 0.01–0.099 0.11–1.03 3.4–13.6 1.56–30.5 13.5–85.6 1.3–11.6

8 0.1–0.78 0.068–0.96 2.8–22.0 0.503–8.2 3.1–69.6 1.02–12.6

9 12–20 0.04–0.2 0.2–0.75 0.003–0.01 0.01–0.25 –

10 1.1–6.7 0.04–0.56 0.21–0.77 0.0006–0.04 0.001–0.25 0.006–0.18

11 6.5–9 0.18–0.60 0.19–0.41 – – –

12 1.35–13.8 0.68–0.99 0.1–0.5 0.001–0.005 0.001–0.008 0.003–0.008

13 1.4–6.6 0.07–0.87 1.03–3.4 0.002–0.078 0.005–0.130 0.002–0.096

14 1.07–4.2 0.1–0.2 4.3–8.02 0.0007–0.055 0.006–0.45 0.0014–0.056

15 4.5–7.78 0.03–0.69 1.3–21.1 0.012–0.44 0.25–7.05 0.12–0.75

16 1.09–1.7 0.35–0.42 2.0–8.2 0.19–0.72 0.52–5.9 0.22–0.73

17 1.0–2.68 1.03–4.26 0.05–0.78 0.0001–0.003 0.0001–0.003 0.002–0.004

18 1.9–3 1.4–70 0.188–0.91 0.021–0.098 0.001–0.012 0.02–0.05

19 0.2–0.48 3.9–7.6 0.001–0.003 0.005–0.09 – –

20 0.1–0.4 1.2–2.8 0.37–0.67 0.5–1.46 0.298–0.525 0.75–0.96

21 1.5–2.55 1.46–7.5 0.048–0.21 0.234–1.0 0.097–0.250 1.0–3.326

22 0.2–0.93 2.32–4.21 0.5–0.739 2.22–3.58 0.719–0.981 1.32–1.60

23 1.03–3.55 0.26–0.87 1.2–3.9 0.003–0.09 0.004–0.24 0.003–0.082

24 1.3–3.5 2.5–2.7 0.7–0.75 0.23–0.42 0.32–0.58 0.12–0.22

25 1.04–3.2 0.05–0.35 4.01–24.1 0.0001–0.09 0.002–0.53 0.0001–0.045

26 1.59–41 0.11–0.728 4.8–21.2 0.0002–0.66 0.0015–0.7 0.0001–0.07

27 1.2–4.5 0.8–0.96 4.0–13.6 0.0005–0.73 0.0007–0.75 0.0001–0.21

28 0.76–0.99 0.16–0.61 4.1–17.5 0.03–0.377 0.13–0.63 0.01–0.13

29 0.17–0.87 0.17–0.98 4.09–15.5 0.025–0.65 0.05–1.0 0.009–0.2

30 0.2–0.89 1.03–1.5 4.6–7.2 2.3–6.2 0.7–6.5 0.2–0.96

31 0.3–0.98 0.12–0.49 6.2–12.9 0.49–2.6 1.3–7.9 0.34–0.97

32 0.05–0.3 0.63–0.75 0.25–0.75 6.5–37.5 17.3–59.1 26–78

33 0.78–0.922 2.0–6.14 0.49–0.79 2.4–11.5 1.04–1.9 1.34–3.23

34 1.05–7.5 0.007–0.2 4.0–35.5 1.07–2.08 8.5–180.6 1.52–10.6

35 1–1.741 0.084–0.26 4.6–14.9 1.17–3.09 6.06–15.4 1.029–1.93

36 1.08–5.5 0.099–0.697 2.72–18.32 3.0–49.09 6.54–78.25 1.48–24.57

37 0.147–0.66 4.8–67.2 7.8–104.4 103–1020 15–167.2 1.2–92

38 0.11–0.981 0.063–1.4 2.06–30.9 1.26–31.6 3.46–249.3 1.02–18.5
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overheating which is accompanied by discharges 
were identified. For equipment with overheat-
ing in the  temperature range 150–300°С, there 
is a high content of ethane and methane (defect 
No.  17) or ethane and ethylene (defect No.  18). 
The  main reasons for such overheating are: in-
creased heating of bolted connections, the pres-
ence of a  short-circuited circuit, contamination 
of pipes and shells, clogging of coolant pipes, fer-
ro-resonance overvoltages. The  results of DGA 
for such defects are given in [17, 23]. Of equip-
ment in which overheating is accompanied by 
discharges and gas with the maximum content is 
ethane, the higher content of acetylene and eth-
ylene is characteristic, as well as the excess of hy-
drogen content over methane content [16, 24].

When analysing defects for which ethylene 
(23–31) is the gas with the maximum content by 
DGA results, attention should be paid to ther-
mal defects with a  temperature of 500–700°С. 
For such defects [13, 17], the C2H4/C2H6 ratio is 
1–3. Such defects arise due to violations of con-
tact connections, magnetic circuit defects and 
other damages. In equipment with overheating 
above 700°С, an increased content of ethylene 
is observed in comparison with ethane (de-
fects No.  25, 26). With increasing temperature, 
the  ethylene content increases (defect No.  26), 
and at a  temperature above 750°С (hot spot in 
the core), a significant increase in the acetylene 
content is observed. In equipment in which over-
heats with temperatures above 700°С are accom-
panied by discharges (28–31), a higher content of 
acetylene is observed, as well as the excess of hy-
drogen content over the content of methane [17].

Of greatest interest are defects for which 
the gas with the maximum content is acetylene. 
It is known [19, 20] that a significant content of 
acetylene occurs in discharges with high energy 
density as well as in overheating with a temper-
ature above 750°С. However, in an example giv-
en in [23], partial discharges are detected, while 
the maximum content is observed for acetylene 
(defect No. 32). Also note the defect No. 33. For 
this defect, the gas with the maximum content 
is acetylene, and high ethane content is also 
observed. Since the  ethane content exceeds 
the ethylene content, C2H4/C2H6 <1, which com-
plicates the  process of identifying this defect. 
The  remaining defects, for which the  gas with 

the  maximum content is acetylene, are electric 
discharges of high energy, as well as discharges 
accompanied by overheating.

The performed analysis showed that the use 
of the values of gas ratios which are recommend-
ed by the standard IEC 60599 [1] made it pos-
sible to correctly diagnose 86.944% of units of 
equipment whose gas ratios are given in Table 4. 
One of the  main reasons for the  establishment 
of an erroneous diagnosis or the  failure of rec-
ognition is the  discrepancy between the  values 
of gas ratios in real equipment and the  values 
of gas ratios regulated in [1]. For example, of 
88 equipment units of low-density partial dis-
charge, using the  IEC 60599 standard, the cor-
rect diagnosis is for only 76 units of equipment. 
In 8 cases, the C2H4/C2H6 ratio was greater than 
0.2. In addition, for some defects, for example, 
low-energy arcing (defect No.  7 from Tables  3 
and 4), the values of gas ratios correspond to sev-
eral defects (partial discharges and high-energy 
discharges). That also can lead to the statement 
of erroneous diagnosis. The ranges of values of 
gas ratios shown in Table 4 allow to take into ac-
count these shortcomings and put a reliable di-
agnosis for a greater number of defects.

The  values of the  gas content for various 
types of defects listed in Table 3 can be consid-
ered reference trajectories and used to analyse 
the dynamics of the change in the content of gas-
es during defect development.

ANALYSIS OF THE DYNAMICS OF 
CHANGES IN THE CONTENT OF GASES 
IN THE DEVELOPMENT OF DEFECTS IN 
HIGH-VOLTAGE EQUIPMENT

At the second stage of the research, the depend-
ence of the  gas content on the  operating time 
before and during the development of defects in 
high-voltage equipment was analysed. The per-
formed analysis made it possible to establish 
that, despite the increase in the concentration of 
gases accompanying the development of the de-
fect, the percentage of gases varies insignificant-
ly and is at a certain fixed level. As an example, 
Fig. 1 shows the dynamics of change in the gas 
content of oil in a transformer TDTN with a ca-
pacity of 40  MVA with a  voltage of 110  kV of 
a  leaky design, in which a  high-temperature 
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superheat with a  temperature above 700°С was 
observed, which was accompanied by electric 
discharges. The vertical dotted line in Fig. 1 and 
in other figures indicates the date of appearance 
of the defect.

Analysing Fig. 1 it is easy to see that before 
the defect the values of concentrations (Fig. 1a) 
and the percentage of each of the gases (Fig. 1b) 
change randomly. In this case, the  gases with 
the maximum content are mainly ethylene and 
methane. The  content of hydrogen, ethane and 
acetylene is much less than the content of these 
two gases. As shown in [25] for non-hermetic 
equipment, this kind of gas content is typical 
and is caused both by the diffusion of gases into 
the atmosphere (low H2 content) and by inten-
sive oxidation processes in the presence of free 
oxygen-air (high content of C2H4). When the de-
fect develops, the  values of the  gas concentra-
tions increase substantially (Fig.  1a), which is 

known [26], but the percentage of gases remains 
practically unchanged and remains at a  strictly 
fixed level (Fig. 1b). In addition, as studies have 
shown for equipment with overheating above 
700°С, as well as for overheating with temper-
atures above 700°С, which are accompanied by 
discharges, the change in gas content is of a sim-
ilar nature. As an example, Fig. 2 shows the dy-
namics of changes in the  gas content of oils in 
3 transformers with such defects. In the  trans-
former TDTN-40000/110 (Fig.  2a), based on 
the  results of DGA, the  core was overheated 
with a  temperature above 700°С due to eddy 
currents. In the transformer TDTNG-40500/110 
(Fig.  2b), overheating was detected, which was 
caused by a  short circuit to the  magnetic cir-
cuit tank and traces of discharges. In the trans-
former TRDNS-40000/220 (Fig.  2c), according 
to the  results of DGA, overheating was detect-
ed with a  temperature above 700°С, which was 

Fig. 1. Dynamics of change of gas content of oil in the  transformer TDTN-40000/110: 
(а) values of gas concentrations, (b) percentage of gases



18 Oleg Shutenko

accompanied by arc discharges (discharges oc-
curred as a  result of insulation loss of the  pin). 
Comparing the  curves in Fig.  2 it is easy to see 
the similar nature of the change in the gas content 

of oils (in particular, the symmetrical change in 
the content of C2H4 and CH4) in different trans-
formers under high-temperature overheating 
and overheating accompanied by discharges.

Fig. 2. Dynamics of changes in gas content of oils in transformers with overheating with temperatu-
res above 700°С and also with overheating with temperatures above 700°С, which are accompanied 
by discharges: (a) transformer TDTN-40000/110, (b) transformer TDTNG-40500/110, (c) transformer 
TRDNS-40000/220
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Fig. 3. Dynamics of changes in the percentage of gases in the oil equipment with spark discharges 
and high-energy discharges: (a) autotransformer 300 MVA, (b) autotransformer 220 kV, (c) trans-
former 20 MVA, 33 kV

At the same time, the studies carried out have 
shown that for the defects, the type of which var-
ies, the dynamics of the change in the gas con-
tent can vary significantly. As an example, Fig. 3 
shows the dynamics of changes in the gas con-

tent of autotransformers with spark discharges. 
In the  autotransformer AT  300  MVA (Fig.  3a), 
the  defect began with overheating in the  tem-
perature range 150–300°С (gas with the  max-
imum ethane content), passing into partial 



20 Oleg Shutenko

discharges, and then into a  spark discharge. In 
AT  220  kV (Fig.  3b), the  defect began with an 
arc discharge in oil (gas with a maximum con-
centration of C2H2), which gradually passed into 
a spark discharge. At the same time, as the defect 
develops, the  content of limiting hydrocarbons 
and hydrogen increases against the background 
of a decrease in the ethylene and acetylene con-
tent. Figure 3c shows the dynamics of gas con-
tent change for a 20 MVA, 33 kV transformer in 
which high-energy discharges were detected by 
DGA results. It is noteworthy that the gas con-
tent for the first two DGA results already corre-
sponded to overheating in the temperature range 
150–300°С (gas with a  maximum ethane con-
centration), then the defect shifted to spark dis-
charges (gas with maximum hydrogen concent-
ration), and only for the last two measurements 
the gas content corresponded to the high-energy 
discharges.

It is of fundamental importance that, no 
matter how the defect develops, the percentage 
content of the gases correspond to the defective 
state and tend to fixed values, which allows one 
to recognize defects at an early stage of their de-
velopment. This is actually true for rapidly de-
veloping defects. As an example, Table  5 gives 
examples of the  gas content of oil in damaged 
equipment. As it is shown in Table 5, for all four 
items of equipment listed in Table 5, the gas con-

tent before and after the damage is significantly 
different. However, hydrocarbon gases and hy-
drogen were not present in oil samples taken 
before damage only in the RODC 750/110 reac-
tor, which objectively did not prevent damage. 
At the same time, for all other equipment from 
Table  5, in oil samples that preceded damage, 
the gas content already indicated a defect. So, in 
the transformers of the “Nelson river” hydroelec-
tric station (No. 1–2 of Table 5), the gas content 
of the oil indicated overheating in the tempera-
ture range 150–300°С (gas with the  maximum 
ethane content). In the autotransformer ATDT-
STN 125000, 220/110, the gas content of the oil 
indicated an arc discharge (gas with a maximum 
concentration of C2H2). Thus, an analysis of 
the gas content of the oil would prevent damage 
to this equipment.

CONCLUSIONS

1. The results of analysis of the percentage of gases 
in equipment with defects of different types are 
given. It is established that for different equip-
ment with defects of the same type, the percent-
age of gases has similar values. The values of gas 
content of oils and gas ratios for 38 most common 
defects are given.

2. It is established that the development of de-
fects in high-voltage equipment is accompanied 

Ta b l e  5 .  Values of percentage of gases in damaged equipment before and after damage

No. Date of analysis
Content of gases, %

H2 CH4 C2H6 C2H4 C2H2

Hydroelectric station “Nelson river” Northern Canada, thermal breakdown of insulation [27]

1
10 months before breakdown 20.833 15.625 54.167 9.375 0.000

After breakdown 12.390 31.663 46.317 2.226 7.403

Hydroelectric station “Nelson river” Northern Canada, breakdown of insulation between coils [27]

2
5 days before breakdown 16.244 21.320 49.746 12.183 0.508

After breakdown 33.632 32.224 20.188 1.280 12.676

Reactor RODC 750/110, internal short circuit

3
6 months before damage – – – – –

After emergency shutdown 41.450 14.312 0.000 20.074 24.164

Autotransformer ATDTSTN 125000, 220/110, high-energy discharges

4
Two months before damage 0.000 0.000 0.000 39.024 60.976

After damage 14.093 10.945 3.748 34.183 37.031
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not only by the  growth of gas concentrations, 
which is known and widely used, but also by 
stabilization of the percentage contents of gases 
at strictly defined levels. Since this stabilization 
takes place somewhat earlier than gas concentra-
tions reach the boundary values, this effect can 
be used to detect developing defects at an early 
stage of their development, even before the val-
ues of gas concentrations exceed the boundary 
values, thus avoiding the  destruction of equip-
ment insulation and prolonging its resource.

3. The analysis of the obtained results showed 
that for different equipment with overheating 
above 700°C and also with overheating above 
700°С, which are accompanied by discharges, 
the  change in gas content during the  develop-
ment of the defect has a similar character. This 
allows not only to detect these defects at an early 
stage of their development, but also to predict 
their possible appearance on the  basis of an 
analysis of the dynamics of changes in gas con-
tent, which is impossible with the use of tradi-
tional criteria.

4. For defects the  type of which changes in 
the  course of their development, the  dynam-
ics of the  change in the  gas content can vary 
significantly. At the  same time, no matter how 
the defect develops, the percentages of gases cor-
respond to the defective state and tend to fixed 
values, which makes it possible to use the  gas 
content of oils as an additional criterion for 
interpreting the results of analysis of gases dis-
solved in oil.
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Oleg Shutenko

AUKŠTOS ĮTAMPOS ĮRANGOS GEDIMŲ 
DIAGNOSTIKA, PAGRĮSTA DUJŲ SUDĖTIES 
KITIMO DINAMIKOS ANALIZE

Santrauka
Straipsnyje analizuojamas dujų kiekis alyvose, atsira-
dęs dėl įvairių defektų aukštos įtampos įrenginiuose. 
Pateikti ir išanalizuoti tipiniai dujų kiekiai ir santykiai 
38 labiausiai paplitusių defektų atvejais. Ištirta dujų 
kiekio kitimo dinamika įrangoje defektų gilėjimo 
metu. Nustatyta, kad aukštos įtampos įrangos defek-
tų gilėjimą atspindi dujų koncentracijos augimas, kas 
yra žinoma ir plačiai taikoma, ir tai panaudotina sta-
bilizuojant dujų procentus griežtai nustatytose ribose 
bei aptinkant defektus ankstyvoje fazėje.

Raktažodžiai: ištirpusių dujų analizė, gedimų 
diagnostika, aukštos įtampos įranga, gedimų diagno-
zė, dujų santykis, dujų procentas, dujų kiekio kitimo 
dinamika


